Introduction
The effective delivery of animal health services is essential for disease control. Many parts of the world lack effective health care systems and as a result, disease continues to affect the livelihoods of livestock-dependent farmers (27, 22) .
In many low-income countries, animal health services have traditionally been provided by the state. Initially, these public veterinary services were established to control exotic or epidemic disease, but most have subsequently used this veterinary infrastructure to deliver a range of additional animal health services. State veterinary services are usually heavily subsidised and have tended to depress private sector activity. As a result, the public sector continues to dominate service delivery in most developing countries (24) .
Economic pressures have encouraged governments to reconsider the role of the public sector in the provision of services. The world recession in the 1980s heralded the onset of budget reductions for public services, including veterinary services. Falling budgets have greatly compromised the capacity of state veterinary departments and the quality of services has declined in many countries (1, 5, 13, 25) .
Simultaneously, a shift in thinking has occurred regarding the role of the state. Some governments have started to question whether the state is indeed the most effective and efficient means of delivering services. A subsequent move towards privatisation has been the result, driven partly by budgetary pressures, but also by a growing belief that the private sector can deliver services more effectively that the public sector, even in the case of services where strong justification exists for public intervention (6, 13) .
However, despite several years of privatisation, the role of the private sector in many developing countries has remained largely unchanged, and relatively little evidence has been reported to suggest that the delivery of veterinary services has improved (14) . It is now recognised that the delivery of animal health services cannot be improved solely through privatisation. Instead, efficient service delivery requires a degree of 'organisational pluralism', where both the public and private sectors have roles to play in service delivery (9) .
Emerging literature from the field of New Institutional Economics suggests that it is achieving an optimal balance between public and private sector roles that governs successful service delivery (9, 10, 19) . This paper describes how the economic characteristics of livestock services can be used to identify appropriate roles for the public and private sector in service delivery. The paper is divided into three sections. The first section uses economic concepts of rivalry and excludability to identify appropriate public and private roles in the financing of veterinary services.
The second section then examines appropriate roles for the private and public sector in the supply of these services. The distinction between payment and supply is important as this opens the door to a number of hybrid arrangements between the public and private sector that can be used to improve service delivery (4, 11) . The third and final section highlights a number of barriers that currently limit the potential contribution of the private sector to service delivery, and describes a variety of approaches that have been used by the state to create an enabling environment for the private sector.
Economic framework for determining public and private roles in the financing of veterinary services Several authors have used economic concepts of excludability and rivalry (sometimes termed subtractability) to identify those services that can be financed by the private sector, and those that require public funding (3, 13, 24, 25) . The definition of these economic terms is briefly reviewed below and these concepts are then applied to veterinary services to identify appropriate roles for the public and private sectors in the financing of veterinary services.
Economic definitions
a) Excludability considers whether the provider or consumer of a service can prevent (or exclude) others from simultaneously benefiting from the service. b) Rivalry (or subtractability) concerns the extent to which the use or consumption of a good or service by one individual reduces the availability of this good or service to other people. High rivalry enables individual consumption, whereas low rivalry permits joint consumption.
Almost all services can be classified on the basis of 'rivalry' and 'excludability' attributes, as shown in Figure 1 . 
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Fig. 1 Classification of services on the basis of excludability and rivalry attributes
Services with low excludability and low rivalry are known as public goods. Low excludability means that once produced, non-paying consumers cannot be prevented from using the service, whereas low rivalry means that several individuals may use the service at the same time. Examples of public goods are national defence or the maintenance of national law and order through the police force. Because everyone benefits from the service -including those who do not pay -the individual consumer has no incentive to pay for the service as they will benefit anyway (this is known as the 'free-rider' problem). Public goods are therefore usually funded through public means, using funds raised through taxes or levies.
At the opposite end of the spectrum are services with high excludability and high rivalry attributes (these are known as private goods However, some services with low rivalry may require large initial investment. The investment required might exceed the funds that can be raised by the private sector. The construction costs of a railway line for example may be so great as to deter private sector investment. In certain circumstances, public finance may be justified in order to establish the facilities and resources to produce the service, although the private sector may then finance the operation of these services.
-Common pool goods, on the other hand, have high rivalry characteristics (increased consumption diminishes supply for others) but are non-excludable (i.e. non-paying users cannot be prevented from using the service). An example of a common pool good might be a village water supply: no one can be prevented from using the water, but increased consumption of water by one individual (to irrigate his or her land perhaps) would reduce availability to others. Because non-paying users cannot be denied access to the resource, no incentive exists for the consumer to pay for the service (in this example, to drill more boreholes). Common pool goods, therefore, usually require some form of public financing.
Application to veterinary services
Umali-Deininger et al. applied these concepts of rivalry and excludability to veterinary services to identify appropriate sources of funding for delivery (24) . Veterinary services encompass a number of activities that range from food hygiene through to the therapeutic treatment of individual animals. The first step towards identifying appropriate sources of financing is to seperate these veterinary services into individual services, and then categorise each service on the basis of excludability and rivalry attributes. In practice, few veterinary services are purely public or private goods, most contain elements of each. Thus, some services may have a high private good element but at the same time confer significant public benefits. For example, the control of ticks on a single farm may benefit not only the owner but also neighbouring farmers who benefit from lower tick populations in the area. Despite these spillover effects, the largest proportion of the benefits associated with tick control are gained by the farm that has paid for the control measures.
Tick control can thus be considered as being partially (but not totally) excludable. Veterinary services are therefore usually categorised according to the main or overriding attribute of the service (Fig. 2 Tsetse fly control through either spraying or the use of traps or targets on communal land is mainly a common pool good. In these situations, it is difficult to exclude non-paying farmers from grazing animals on communal land that has been cleared of tsetse flies -and yet the quantity of tsetse-free grazing will diminish with an increase in users. Tsetse fly control through spraying or traps/targets on communal lands can only be financed through either public or collective action sources.
The dynamic economic nature of services
The economic characteristics of a service are not static. The rivalry and excludability attributes of a service can change over time with the development of new disease control technology, or with changes to the regulatory and information environment within which services are delivered; these three aspects are discussed below.
Technology
Technology for controlling diseases influences the 'excludability' characteristics of disease control. Tsetse control through aerial spraying for example is a public good because all farmers benefit from the service regardless of whether every individual has contributed to the cost of the spraying or not.
The development of drugs, and 'pour-on' insecticides has changed the control of trypanosomosis in endemic areas from a public good to a private good as the benefits of control can now be limited to those who purchase the drugs or insecticides. This means that the justification for public funding for a given disease control programme can alter in response to the development of new technology, and that the state should continually review and update disease control policy to ensure that the policy is consistent with contemporary technology.
Information campaigns
Information campaigns can be used to raise public awareness of the health risks associated with the consumption of untreated livestock products. Demand for livestock products that are sold through regulated channels generally rises once the consumer is informed of the benefits of such regulation, and consumers are usually willing to pay a price premium for food products that have been produced to higher food safety standards. The price premium allows food processors to pay for the food hygiene services that might otherwise have been financed by the state. Similarly, once informed, consumers are usually willing to pay a price premium for certified veterinary drugs, thus enabling drug certification to be privately financed.
Regulation
Regulation can compel consumers to purchase services that they might otherwise seek to avoid. Regulation regarding food processing standards, for example, transfers the responsibility of protecting public health from the state to the food industry.
The costs of maintaining food safety standards are in turn reflected in the prices of the product to the consumer, thus ensuring that the beneficiaries -in this case the consumerpay for the food hygiene service.
Regulation can also be used to introduce levies on livestock products as a means of financing public good services that primarily benefit the livestock industry. In the United Kingdom (UK), for example, a levy on pigs financed the control and eradication of Aujeszky's disease -an epidemic disease which has relatively high externalities associated with its control.
Regulation regarding property rights can alter the attributes of a service from low excludability to high excludability, thus permitting private sector finance. Property rights in the form of patents, for example, have been a valuable tool for encouraging private sector finance of research, as patents ensure that the inventors of new technology receive a proportion of the proceeds from the sale of that technology.
Property rights can also be used at a community level as a means of managing common pool goods. Some communities have now started to develop (and enforce) locally devised rules for community tsetse control programmes.
Implications for the role of the private sector in financing service delivery
The analysis of the rivalry and excludability characteristics of a service indicates that many types of veterinary services are amenable to private sector financing (Table I ). This opens up the possibility of moving scarce government resources away from the delivery of private and toll good services and redirecting these resources in order to provide an appropriate level of funding for public and common pool good services.
The role of the private sector in financing services need not stop at those services with private or toll good characteristics.
The state may encourage private financing of the delivery of public or common pool services through the judicious use of information and regulation, whilst technological developments may change the nature of disease control from a public to private good. Thus, considerable opportunities exist to overcome the fiscal constraints that currently limit the quality of veterinary services in many developing countries.
Economic framework for identifying appropriate public and private sector roles in the delivery of services
Many of the problems facing service delivery concern inadequate public financing. The preceding section demonstrated how economic theory can be used to identify those services that could be financed by the private sector, allowing the scarce resources of the state Veterinary Services to be focused on the provision of public good services. However, the relative efficiency of the private sector can be greatly reduced if competition between service providers is lacking, or if consumers are unable to assess the quality of the services received. The presence of either or both of these conditions can lead to 'market failure' -a condition which has often be used to justify state delivery of private good services.
The state can, however, intervene in other ways to remove the causes of market failure. Regulation may be used to set conditions of competition, pricing and quality standards, and provide information to the consumer on the quality of services provided by different private sector suppliers (9).
As shown in Table II Creating an enabling environment for the private sector
Economic theory suggests that the private sector should play a major role in the financing and supply of veterinary services.
However, in many developing countries the transfer of responsibilities from the public to private sector is inhibited by -among other things -a weak and poorly developed private sector. Experience suggests that state withdrawal from the provision of services can create chaos if no private sector exists to assume responsibility in delivery. In Kenya, for example, the privatisation of dipping services led to the collapse of over half of dips in the country, in part because no private sector operators were able to assume responsibility for providing the service (12).
The state can play a pivotal role in creating an 'enabling environment' for the private sector, although to date this is an area that has commonly received relatively little attention in reform programmes (14) . The failure to create an enabling environment for the private sector has been an important factor that has limited the successful privatisation of veterinary services (23) . A variety of approaches that can be used by the state to stimulate the development of the private sector will be presented below.
Legislative reform
For the private sector to perform effectively, conditions of'free entry and exit into the market place' must exist. 'Free entry' refers to the presence of barriers that deter or prevent the establishment of a private sector, whereas 'free exit' concerns the level of protection given to the private sector to allow suppliers to maintain their position in the market place (9).
The private sector operates optimally when restrictions to entering into private practice are minimal, and once operating in the private sector, no protection is afforded to inefficient suppliers to protect these suppliers from bankrupcy (i.e. there should be 'free' exit).
In practice, considerable 'entry barriers' exist for the private sector. Some countries have legislation that prohibits private sector activity, and new laws and by-laws are required to legalise private veterinary practice (25 Some countries are reconsidering rules regarding rights to practice. Uganda, for example, is revising legislation in recognition of the role played by para-veterinarians and CBAHWs in rural service delivery. By legitimising the activities of these service providers the state will be better able to monitor and sanction malpractice. The formation of a para-veterinarian association will also aid the enforcement of professional standards, and encourage the formation of links or associations with veterinarians.
State withdrawal
Perhaps the biggest barrier to private sector development is the continued delivery of veterinary services by the public sector (17 
Contracting-out
An important development in the reform of livestock services has been the separation of finance from supply, and the realisation that whilst government may continue to provide funding for public services, the supply of these services may be contracted out to the private sector.
One of the most successful options for fostering growth within the private sector is to contract out the supply of publicly funded services to the private sector. Not only does this lead to an improvement in the efficiency and effectiveness of the service, but a vital stimulus to the private sector is also provided, enabling veterinarians and support staff to establish practices in rural areas which otherwise could not support a veterinary practice. Community-based animal health workers have also been assisted by the provision of a free drug kit (and in some cases a bicycle) to help establish a business.
In some cases, services with toll good characteristics such as clinics or dips may need to be financed by the state, but managed by the private sector. These facilities can be awarded on a competitive basis to the private sector, with management contracts reviewed periodically to ensure competition between service providers. For many countries, the use of the private sector in the delivery of veterinary services represents a considerable shift in responsibilities between the public and private sector.
Supporting collective action organisations
These new roles for the state represent a radical departure from the past and will have considerable implications for the organisation and staffing of state services. The challenge facing state veterinary services is how this transition towards greater private sector engagement in service delivery can be managed.
Aspects économiques de la prestation de services vétérinaires S. Holden
Résumé
La faible productivité des élevages dans nombre de pays en développement est considérée comme révélatrice, entre autres facteurs, de l'inadéquation des services destinés à lutter contre les maladies. Les services vétérinaires ont été traditionnellement assurés par l'État: or les contraintes budgétaires sont telles que la disponibilité et l'efficacité des services publics finissent par en pâtir. L'auteur montre comment la théorie économique permet de définir des systèmes de prestations de services zoosanitaires alternatifs (non étatiques) et propose, en outre, de nouveaux rôles pour l'État et le secteur privé dans ce domaine. Il cite un certain nombre de barrières qui limitent actuellement la contribution du secteur privé à la prestation de services et décrit les différents moyens utilisés par l'État pour créer un environnement favorable au secteur privé.
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Aspectos económicos de la prestación de servicios veterinarios S. Holden
Resumen
Es opinión muy extendida que la baja productividad del ganado en muchos países en desarrollo obedece, entre otras cosas, a la prestación inadecuada de servicios sanitarios. Aunque tradicionalmente el Estado ha sido el responsable de los servicios veterinarios, la penuria de las finanzas públicas ha mermado tanto la disponibilidad como la efectividad de los servicios públicos. El autor describe el uso de la teoría económica para hallar sistemas alternativos (no exclusivamente estatales) para la prestación de servicios de sanidad animal, y propone nuevas funciones en este ámbito tanto para el sector público como para el privado. Tras destacar una serie de factores que obstaculizan hoy en día la participación del sector privado en la prestación de servicios, describe distintas soluciones adoptadas por los Estados para crear un entorno favorable al sector privado.
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Appendix I
The use of community based animal health workers in Kenya (12)
In the Tsavo region of Kenya, the mortality rate of cattle reared in villages with a community based animal health worker (CBAHW) is on average 40% lower than those in neighbouring villages without access to CBAHW care (Table A) . Farmers value these services more highly than those provided by the state veterinarian as the services of a CBAHW are readily available and considerably cheaper than those of the state veterinarian. 
Appendix IV
Veterinary clubs (9)
In New Zealand, to attract private veterinarians to rural areas, •
